Objective: Inflammatory processes are putative mechanisms underlying the detrimental health effects of sedentary behaviour but no long-term prospective data are available. We examined the longitudinal association between TV viewing, physical activity and inflammatory markers over a 4-year follow-up period. 
Introduction
Pro-inflammatory status appears to increase with age, that may underlie biological mechanisms responsible for cardiovascular disease (CVD) and other age-related diseases. [1] [2] [3] [4] Physical activity may have beneficial anti-inflammatory effects as evidence from epidemiological studies has consistently demonstrated an inverse association between physical activity and markers of low grade systemic inflammation. [5] [6] [7] The anti-inflammatory effects of exercise may partly explain the well-documented cardio-protective effects of physical activity. [8] [9] [10] In contrast, little is known about the association between sedentary behaviours and low grade inflammation.
Sedentary behaviour has been conceptualised as a distinct domain of behaviour, which may pose a risk to health independently of physical activity. 11 Sedentary behaviour has been consistently associated with risk of CVD in population cohort studies, [12] [13] [14] [15] although the mechanisms remain poorly understood. Television (TV) viewing is a major component of leisure sedentary time 16 , particularly in older adults 17 and is distinct from other sedentary behaviours in that it is passive and encourages prolonged periods of sitting. Moreover, TV viewing is likely to influence other behaviour, for example, dietary habits by encouraging an increased consumption of energy-dense food. 18 Thus, it remains unknown if excess TV viewing is simply a marker of energy imbalance and other confounding or if results are driven by actual postural effects (ie, prolonged sitting).
Several studies have demonstrated cross-sectional associations between TV viewing or objective sedentary time with markers of low grade inflammation. [19] [20] [21] [22] However, there are a paucity of longitudinal data. We recently demonstrated an association between TV viewing (aged 23) and inflammatory markers at follow up (aged 44) in a birth cohort study but were unable to infer true changes over time since biomarkers were not collected at baseline. 23 The aim of this study was therefore to examine longitudinal associations between TV viewing, physical activity and inflammatory markers over a 4-year follow-up period in a cohort of older adults. Uniquely, we also explored associations between changes in TV viewing on subsequent inflammatory markers.
Materials and Methods

Study sample and procedures
The English Longitudinal Study of Ageing (ELSA) was initiated in 2002 containing a nationally representative sample of the English population living in households. 24 The ELSA cohort consists of men and women born on or before 29 February 1952. Multistage stratified probability sampling was used to select the sample with postcode sectors selected at the first stage and household addresses selected at the second stage. For the purposes of the present analyses, data collected at wave 4 (2008/9) were used as the baseline as this was the first occasion information on TV viewing was gathered. Clinical information was gathered by nurses in participants' homes at wave 4 and at follow-up (wave 6; 2012/13). In addition, data on TV viewing was also collected at wave 5 (2010/11). Participants gave full informed written consent to participate in the study. Ethical approval was obtained from the London Multi-center Research Ethics Committee, compliant with the Declaration of Helsinki.
Baseline TV viewing and physical activity
At waves 4 and 5 participants were asked to recall "How many hours of television do you watch on an ordinary day or evening, that is, Monday to Friday" and "How many hours of television do you normally watch in total over the weekend, that is, Saturday and Sunday."
Average daily time spent watching TV was calculated as {(weekday TV time x 5) + (Weekend TV time)}/7. We calculated the 2 year change in TV viewing by subtracting total reported weekly TV viewing hours at wave 5 from wave 4.
Participants were asked three questions regarding how often they took part in vigorous, moderate-and low-intensity physical activity, using prompt cards with different activities to help them interpret physical activity intensities. Response options for each question were:
more than once a week, once a week, one to three times a month and hardly ever/never. Physical activity was then categorised as: inactive (participants that reported no moderate or vigorous activity at least once a week); moderate activity at least once a week (but no vigorous); vigorous activity at least once a week. The physical activity and TV viewing measures used in ELSA have demonstrated excellent convergent validity in grading a plethora of psychosocial, physical and biochemical risk factors in previous work.
25-28
Clinical assessments
Nurses collected anthropometric data (weight, height), and blood samples. Participants' body weight was measured using Tanita electronic scales without shoes and in light clothing, and height was measured using a Stadiometer with the Frankfort plane in the horizontal position. Body mass index (BMI) was calculated using the standard formulae 
Covariates
Trained interviewers asked questions on cigarette smoking (current or non-smoker), alcohol intake (categorised as; at least five times a week, at least once a week, monthly, rarely/never), use of prescribed medication (including medication for diabetes, high blood pressure, cholesterol, blood thinning), chronic illness, and depressive symptoms (using the
8-item Centre of Epidemiological Studies Depression scale 30 ). Disability was assessed based on participants' responses to interviewer questions on perceived difficulties in six basic
activities (e.g. difficulty dressing) and seven instrumental activities of daily living (e.g. difficulty preparing a hot meal). 31 Participants reporting difficulties in one or more activities were considered to have some degree of disability.
Statistical analyses
Characteristics of the study population at baseline were described as categorical variables.
Log transformations were used to normalise the distribution of CRP. We examined prospective associations between baseline TV and inflammatory markers (CRP, WBC, and fibrinogen) using linear regression models with TV time entered as a continuous independent variable. We tested for interactions with sex but none were noted. The models were adjusted for age, sex, baseline concentration of inflammatory marker, smoking, alcohol, medications, depressive symptoms, long standing illness, disability, body mass index, and physical activity. These covariates were selected a priori based on previous literature. 7, 17, 23, 26 Similar models were run to examine the association between physical activity and inflammatory markers. In order to assess the association between changes in TV viewing on inflammatory markers we generated three categories (stable; reduction of at least 1 hr/d; increase of at least 1 hr/d). A change in 1hr/d TV was chosen as it roughly reflected the top and bottom quarter of the distribution. Using dummy variables (with the stable group designated as the referent category), TV change was regressed onto inflammatory markers at follow up, using the same covariates described above. All analyses were conducted using SPSS version 21.
Results
A sample size of 5463 provided complete baseline data although 1851 participants were lost to follow-up leaving a final analytic sample of 3612. Compared with the analytic sample, those lost to follow-up were slightly older (64.1 vs. 65.9 yrs, p= 0.001), had higher baseline 2.96 ± 0.52 g/L, p=0.001) but an increase in WBC (mean ± SD; 6.29 ± 2.0 vs. 6.42 ± 1.94 10 9 cells/L, p=0.001). In models adjusted for age, sex, and baseline CRP, both TV viewing and physical activity were associated with logCRP at 4 years follow up ( Table 2 ). In final adjusted models, only physical activity remained (inversely) associated with logCRP (p=0.047). Both TV viewing (p=0.006) and physical activity (p=0.026) remained associated with WBC in final adjusted models (Table 2) . TV viewing remained associated with fibrinogen in final adjusted models (p=0.035) although physical activity did not (p=0.22) ( Table 2 ). The results remained unchanged when we adjusted for waist circumference instead of BMI. For example, in final adjusted models TV viewing was not associated with log e CRP (p=0.08) but was associated with WBC (p=0.016), and fibrinogen (p=0.020). In order to identify if one covariate in particular attenuated the effect estimates we added both BMI and physical activity separately into Model 1 before other covariates. However, this strategy caused minimal changes to the effect estimate leading us to conclude that possible confounding influences were explained evenly across all covariates, and not by one in particular.
We performed several sensitivity analyses. First, to explore possible reverse causation we removed participants (n=802) that reported any cardiovascular diseases (angina, myocardial infarction, congestive heart failure, heart murmur, arrythmia) over the first four waves of (Table 3) .
Discussion
The aim of this study was to examine longitudinal associations between TV viewing (a major Several studies have previously demonstrated cross-sectional associations between TV viewing and markers of low grade inflammation. 19, 20 For example, in over 3,000 Australian adults TV time was associated with CRP and fibrinogen although after adjustment for waist circumference these relationships were attenuated to the null. 19 In a small study of 285 adults, changes in sedentary time over 6 months were associated with CRP in women, although no associations were observed with other biomarkers, including adiponectin, soluble intracellular adhesion molecule-1, and interleukin-6. 32 In a longitudinal cohort study baseline TV viewing time was not significantly associated with change in metabolic biomarkers over 5 years follow-up although inflammatory markers were not examined. 33 Nevertheless, increases in TV time over 5 years were associated with increases in waist circumference, diastolic blood pressure, and a clustered cardiometabolic risk score. In a
British birth cohort study we demonstrated an association of TV viewing (aged 23) with CRP and fibrinogen at follow-up (aged 44), 23 although the effect estimates were attenuated after adjustments for BMI, especially so in participants with a BMI ≥ 25 kg/m 2 . This is the first study to show associations between changes in TV viewing and inflammatory markers.
Unlike previous work, our results were not largely attenuated by the inclusion of BMI or waist in the models. This is possibly explained by the older age of the present sample ;
particularly in an elderly sample with onset of sarcopenia measures such as BMI are less reflective of adiposity.
Sedentary behaviours such as TV viewing are characterised by a lack of muscle contraction.
Thus, the association between TV viewing and low grade inflammation is plausible since muscle contraction has been shown to stimulate the expression of various transcriptional co-activators such as PGC1α, which lead to a transient release of myokines that may promote systemic anti-inflammatory effects. 34 Other research has demonstrated that prolonged sitting is associated with the expression of various genes linked to inflammatory responses. 35 Adipose tissue inflammation might also explain links between sedentary behaviour and inflammation. 36 Indeed, reductions in central adiposity largely explain the changes in CRP observed after aerobic exercise training interventions. 37, 38 Thus, excess TV viewing may simply be a marker of chronic energy imbalance indicated by excess adiposity.
We have recently demonstrated associations between objectively assessed sitting time and visceral adiposity, including liver fat, 39 which is believed to be a particularly important site for the production of pro-inflammatory markers. 40 The association between TV viewing and fibrinogen may also have relevance in terms of elevated risk of vascular conditions, particularly venous thrombosis. Our results support findings from a recent experimental trial that demonstrated increases in plasma fibrinogen with prolonged uninterrupted sitting that was attenuated with active breaks. 41 Some epidemiological studies have demonstrated that associations between sedentary behaviour and CVD are attenuated in physically active participants. 14, 15 However, in our analysis to explore the possible additive effects of physical activity and TV viewing on inflammatory markers we did not observe any significant effect modification of physical activity (see figure   S1 ). Physical activity was, however, rather crudely defined (vigorous activity at least once a week), thus future experimental studies are needed to define the dose of activity required to attenuate deleterious effects of prolonged sitting.
Our study has some notable strengths, including the longitudinal design to examine changes in TV time and biomarkers across 4 years; the use of a large national sample of communitydwelling men and women; and the inclusion of a wide range of potentially important factors, including behavioral, social and clinical covariates. There are also some limitations.
Our measure of sedentary behavior was limited to TV viewing thus our results cannot be generalized to total sedentary time or sitting. The questionnaires used to assess TV viewing in ELSA have not been validated and may have introduced an element of recall bias.
Nevertheless, the TV measure has demonstrated excellent convergent validity in grading a plethora of psychosocial, physical and biochemical risk factors in previous work. 26, 27 Also, sedentary time questions that focus on TV viewing have demonstrated the strongest reliability and validity among non-occupational sedentary behaviour questions. 42 It was not possible to adjust models for diet, as such data were not collected. However, recent data has suggested that snack food and TV viewing were independently associated with metabolic syndrome. 43 The analytic sample differed in some characteristics compared with those excluded that reduces the representativeness of our data. In particular, those excluded were slightly older and watched higher amounts of TV, thus the results may reflect a conservative estimate of the true associations. The stability of markers such as CRP over long term follow-up has been found to be similar to that of blood pressure and serum cholesterol, 44 which makes it suitable for use in risk prediction studies. Surprisingly, we observed slight reductions in two inflammatory markers over the 4 year follow-up period, although this might be accounted for by use of medication since 20.3% of the sample reported taking statins at baseline known to have anti-inflammatory properties. 45 In summary, TV viewing was associated with increased WBC and fibrinogen, but not CRP, 
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